Abstract
Health Observatory Data Repository [1] , reported that 53 per 100,000 capita global deaths were attributable to ambient air pollution, 3,732,500 deaths average. The deaths per 100,000 capita by regions are: Western Pacific 102, European 75, South-East Asia 51, Eastern Mediterranean 42, Africa 20 and the Americas 10. The data observed show the impact on human health from pollutants such as particulate matter (PM 10 and PM 2.5 ), ozone (O 3 ), nitrogen oxides (NO x ) and sulphur dioxide (SO 2 ). Sources of anthropogenic emissions of industry, power generation, transport, livestock and agricultural are modifying air quality [2] . In the European Union, the appliance of the 2008/50/CE Directive has modified trends in EU countries [3] [4] .
Several studies of trends in air pollution and air quality (AQ) have been carried out in different parts of Europe, Asia, the UK and America. Verstreng et al. conducted an analysis over twenty five years in SO 2 emissions, going from 1980 to 2004, in which they conclude that European SO 2 emissions dropped by 73%, with a gradual decrease of 55 Tg SO 2 in 1980 to 15 Tg SO 2 in 2004, mainly consisting of anthropogenic emissions from the energy and industrial sectors, these results being due to the framework and targets set in the Gothenburg protocol [5] . Other example is the Mace Head station in Ireland, where trends over a period of 20 years are analyzed in superficial O 3 [6] . It was observed in the analysis of hourly O 3 measurements that variants existed in annual patterns, which increased and decreased according to events such as biomass burning lights in 1998/1999 and 2002/2003, or patterns of methane in the 2000s. Trends showed higher concentrations of O 3 in the spring and lowest in summer periods, producing a significant increase in the amplitude of the seasonal cycle; over the period the annual mean baseline O 3 mixing ratios have risen by 0.60 ± 0.23 μg/m 3 •year −1 . The trends of nitrogen oxides have also been analyzed in nine European cities between 1999 and 2010. Henshel et al. analyzed the various patterns of NOx from traffic, noting that in the analysis of diurnal, weekly, seasonal and interannual patterns of the nine cities surveyed showed reductions in primary emissions related to traffic after the implementation of the EURO standards [7] . When stratified in periods according the EURO standards, the ratio NO 2 /NOx increased in 7/9 cities, NO/NO 2 ratio decreased in 8/9 cities and a permanent inversion in NO/NO 2 ratio was observed to occur in 2003 in 5/9 cities. Nguyen and Kim analyzed the nitrogen dioxide (NO 2 ) in cities and major provinces in Korea from 1998 to 2003, finding that concentrations of this gas reflected changes due to environmental conditions and seasonal patterns, where the highest levels were observed in winter, with decreasing patterns during spring, autumn and summer [8] . These observed levels of NO 2 pollution were spatially distributed in greater numbers over highly populated urban areas with peaked values from 38 to 56 μg/m 3 (with a single case at 75 μg/m 3 ) compared with rural areas, which showed values from 38 to 47 μg/m 3 . In 2011, the Clean Air Institute in Washington carried out the analysis of trends in air quality since 1997. This report was carried out with information from 8 countries and 22 cities, including Mexico, highlighting the air quality prevailing in these cities based on analysis of their standards and existing stations for monitoring pollutants such as O 3 , SO 2 , NO 2 and particulate matter, among others [9] . Baldasano et al. conducted an assessment of the AQ in major cities in developed and developing countries from 1990 to 2000 by comparing the data reported by each agency in these countries with those recommended by the WHO guidelines and EU thresholds [10] ; results found that SO 2 maintained a downward trend in overall worldwide except for some cities in Central America and Asia. The trend in Mexico City (MC) was downward from 150 to 48 μg/m 3 ; NO 2 showed close to WHO guidelines values, the trend in Mexico City was downward from 90 to 42 μg/m 3 ; O 3 shows on the contrary a tendency to exceed pre-set thresholds: in MC the trend was from 600 to 500 μg/m 3 ; PM 10 as the biggest problem was observed in almost all of Asia, with values that exceeded 300 μg/m 3 . MC maintained a value of 60 μg/m 3 . In poor and emerging economies, thresholds were observed above the comparison standards. Lanzafame et al. did a comprehensive study in Catanya (Italy), Sicily's second largest city [11] . In their research, it was found that changes toward diesel as transport fuel affected the concentrations of NO 2 and PM 10 and corresponded to a decrease in concentrations of SO 2 and CO. Titos et al. found in Granada (Spain) and Ljubljana (Slovenia) that application of local regulations on road transport reduced significantly the values in black carbon (BC) and PM 10 ; In Ljubljana, a 72% reduction from 5.6 to 1.6 μg/m 3 in local BC; in Granada a 33% reduction in PM 10 and 37% in BC were observed as result of closing streets to private traffic, so the renewal and reorganization of the public transport had significantly benefited air quality [12] .
Kanabkaew et al. in Nakhon Si Thamarat (Thailand), assessed levels of PM 10 and PM 2.5 in three main traffic intersections and found that concentration exceeded the average 24-hour guidelines of WHO and the National Air Quality Standard (NAAQ-USA, 2012a) in both pollutants [13] . Prakash et al. used the monthly AQ station data sets of PM 10 measured in seven major cities in Korea (1996 to 2010), and found that long-term data concentrations of PM 10 had decreased consistently in six of seven cities between 1996 and 2010, reflecting the ef-fects of the emissions control. Although the PM 10 concentration level from the WHO was exceeded, the annual mean oscillated between 29 -77 μg/m 3 [14] .
Air Quality and Health in Mexico
In the Mexico City, metropolitan area [15] was investigated the chronic health effects associated with high concentrations of pollutants and trends of O 3 and particulate matter (PM 10 and PM 2.5 ) for 20 years. The analysis related to PM 2.5 and PM 10 was carried out in data periods 1989-2012 and 2004-2012 for PM 10 and PM 2.5 respectively; trends only considered the arithmetic mean concentration and the 95th percentile of 24-hour concentrations. In selected areas of the industrial "Xalostoc" and "La Merced" sites, the PM 10 highest values were obtained which persistently exceeded the Mexican AQ standard, reaching values of 40 μg/m 3 to 370 μg/m 3 and 30 μg/m 3 to 210 μg/m 3 respectively. As for PM 10 , "Xalostoc" was the site with the highest PM 2.5 levels and "Pedregal" with the lowest values. As regards O 3 , trends were reviewed in two representative sites, Tlalnepantla and Pedregal, using the mobile average of 8-h recorded at the monitoring stations. It was observed that in both places the respective 95th percentile had continuously exceeded the WHO guideline between 1989 and 2012. They concluded that exposure to levels above the AQ standards for PM 10 , PM 2.5 and O 3 in air had promoted negative schooling effects, neurodegenerative consequences in the short and likely long term, cortical and subcortical damage linked to antisocial behavior, learning difficulties, promotion of crime or criminal activity impulses along with other effects related to brain damage and pathogenesis for Alzheimer and Parkinson diseases.
Mexico, in common with many countries, is growing and developing in different areas due to different economical activities; according to the National Council of Population (CONAPO, in its Spanish acronym) in 2010, there were 59 metropolitan zones (MZ) with more than 500,000 inhabitants; for example the MZ of Mexico city have around 20 million inhabitants [16] and several problems inherent to a big city; AQ problems are some of them. However, some other MZs deserve attention, as in the case of Veracruz in Mexico, where there are now nine MZs, amounting to 15.3% of all MZs in the state.
Regarding the aforementioned, the main objective of this paper is to analyze the observed trends in AQ during the period 01.09.2013 to 30.06.2015 in the MZs of Xalapa and Minatitlan in Veracruz state in Mexico, usingair quality validation criteria applied to database observations of monitoring stations located at each site.
Material and Methods

Study Region
The Veracruz state is a narrow strip of slightly curved land which extends from northeast to southeast on the east coast of Mexico, bordered on the north by the state of Tamaulipas, on the east by the Gulf of Mexico and the state of Tabasco, southeast by the state of Chiapas, south by the state of Oaxaca and west by the states of Puebla, Hidalgo and San Luis Potosi. This analysis was held with data of AQ stations from SEDEMA, situated in the central and southern area of the Veracruz state in the MZs of Xalapa and Minatitlan, their locations shown in Figure 1 .
In Veracruz there are 14 power plants from CFE (the Spanish acronym for the Federal Commission of Electricity) and are distributed in the north, center and south of Veracruz; near the MZ are four power plants which generate 579.4 MW [17] . These power plants and oil industries emit pollutants such as SO x , NO x , PM, CO, VOCs, CO 2 and many compounds related to their industrial process. Veracruz is a state with 745 km of coastline, with three cabotage ports; one International and two national airports; there are 24,378 km of roads and two railroads, one from Veracruz port and another from Coatzacoalcos port to Mexico City. The state has 1807 km of railroads. The MZs are distributed along the state and make use of this communication infrastructure [18] .
Xalapa MZ
The Xalapa MZ consists of seven municipalities in the central area of the state. There are 666,535 inhabitants, distributed over 867 km 2 . The central municipalities are Xalapa, Banderilla and Tlalnelhuayoca; Xalapa is the capital city of the Veracruz state; it is an urban development and has the second most highly populated MZ in the state which, according [19] road transport vehicular reports [18] . The main activities are related to farming, forestry, manufacturing industry, construction, trade and tourism; as a capital city it has several government offices. The climate is humid and varied, with an average maximum temperature of 25˚C and a minimum from 11.2˚C to 17.3˚C in the morning. The altitude ranges are 1250 m to 1560 m. It has an average annual temperature of 18˚C and a temperate climate. Its annual average rainfall is 1500.9 mm (see Table 1 ) [23] . [19] . The altitude ranges are 5 m to 400 m and the location falls between 17˚19'N -18˚06'N and 94˚07'W -94˚39'W [22] . The Minatitlan MZ has an international airport located in the Cosoleacaque municipality, has 514 km of roads and there is a railroad from Coatzacoalcos to Mexico City; according reference [18] there are 75,283 vehicles.
Minatitlan MZ
The main activities are related to the petroleum refining and petrochemical industries; there are two plants in the city. The secondary activities are agriculture, cattle and livestock, trade, manufacturing industry, construction and tourism. The climate is warm and humid, with an annual average temperature of 25.8˚C; abundant rain in summer and early fall; between May and June the maximum temperatures are 42˚C to 44˚C; 28˚C in winter. In January and February lower temperatures tend not to drop below 14˚C [23] (see Table 2 ). The region has different climatic subtypes, determined by the mountain variations, producing a rain shadow effect over the western plains. The eastern slopes catch moisture from the Gulf of Mexico, so rainfall there measures between 3000 and 4000 mm annually. The MZ has an important river basin feeding the "Coatzacoalcos River".
In summary, there are characteristics that differentiate both places. The first of these is the climate: in Xalapa, the MZ has temperate, cool weather in contrast to the warm-wet weather in the Minatitlan MZ. Rainfall is more intense in the Minatitlan area than in the MZ in Xalapa. In terms of location there is a difference in altitude of 1500 m between the two areas, because Xalapa is located close to the Neovolcanic belt and the Sierra Madre Oriental, in contrast to Minatitlan MZ, which is located on the coastal plain of the Gulf of Mexico. Considering its industrial profile, Xalapa hosts more urban and commercial activity than Minatitlan, but in the MZ of Minatitlan there are oil refining, petrochemical and agrochemical companies. Finally, the population density is much higher in the MZs of Xalapa than in Minatitlan's MZ. A similarity is that both places are nodes of main roads in the state.
Meteorological Influences
The climate in the state of Veracruz varies from warm sub-humid in coastal areas, through temperate, dry, semi-dry and cold found in the mountains, called "Pico de Orizaba" and "Cofre de Perote". According to the Köeppen classification there are climates A (Warm), B (Arid), C (Temperate) and E (Cold) [24] . The mean annual temperature is 23˚C from April to May, mean maximum temperature is 32˚C; the mean minimum temperature is 13˚C and usually comes in January. Annual average rainfall in the state is 1500 mm. The rainy season starts in summer from June until October; in Tabasco state border it can rain throughout the year [25] . In August and July temperature increases and rain lessens, an effect called "Canícula" [26] ; this change increases the ambient temperature between 30˚C to 45˚C or more in coastal areas, and generally throughout the state. The Gulf of Mexico has great influence on wind patterns. The winds have intense variability, primarily under the influence of the hurricane season between May and November, and cold fronts between September and May. The winds outside of these seasons are weak. Cold fronts, usually called "Norths", are intense winds from the northwest USA, arriving from the fall. The long-term monthly mean wind direction in the northern Gulf is mainly westward, with a small southward component [27] . In the analyzed period between 2013 to 2014, observations were made by the Mexican Navy (SEMAR in its Spanish acronym) and National Weather Service of a total of 12 hurricanes, a tropical depression and three tropical storm incidents mainly in the states of Baja California, Tamaulipas, Oaxaca, Chiapas, Guerrero, Veracruz, Tabasco and Campeche [28] - [30] .
Regarding the incidence of direct solar radiation, according reference [31] between 1998-2002 sunlight range was from 3.0 to 6.0 kWh/m 2 /day; in north regions the values were from 3.5 to 4.0 kWh/m 2 /day, in the central region from 3.5 to 6.0 kWh/m 2 /day and in the south of the state from 3.0 to 4.5 kWh/m 2 /day. Figure 2 and Figure  3 show the correlation between temperature and solar radiation from both stations. 
Air Quality Monitoring Stations Description
The AQ in the state has been a concern to the general public, academics, researchers, PEMEX, CFE and government in the state of Veracruz; since 2000 there have been various attempts to determine the AQ in cities as Orizaba, Poza Rica, Xalapa, Veracruz city and Coatzacoalcos by SEDEMA, PEMEX and the Universidad Veracruzana (UV); SEDEMA in Veracruz started a program to improve the AQ in the state in February 2013, and two monitoring stations were installed in Xalapa and Minatitlan cities to determine the AQ.
The information of this network is providing AQ data for their analysis and for the decision-making stakeholders in the state [32] .
These AQ monitoring stations are shelters that collect data of O 3 , NO, NO 2 , NOx, SO 2 , CO, PM 10 , PM 2.5 and meteorological variables such as wind direction (WD), wind speed (WS), temperature (TMP), relative humidity (RH), barometric pressure (BP), rainfall (R) and solar radiation (SR). The shelter dimensions are 2.4 × 2.4 × 2.4 m, the air intake has a removable vertical glass manifold sampler of 0.0254 m diameter, with sampling ports, thermal isolation, protection against rain and dust, Teflon pipes of 0.00635 m gauge and 0.0031 m ID for the gas analyzers. It has two mounting racks to counter vibration and an external staircase. The meteorological tower is telescopic and retractile, 10 m high and featuring one unit of air conditioning; the shelter power is regulated and has power failure backup from an uninterruptible power supply (UPS). The PM air intake is 0.0254 m in diameter for the removable sampling tube in the automatic PM analyser.
AQ Monitoring Stations Location and Area Description
The AQ monitoring station in Xalapa city is located in a government office at 19˚32 '11.74 
Analysis Methods
The method used by the analyzer TELEDYNE T400 is UV photometry to determine the concentration values of ambient O 3 monitors, the equipment has a range from 0 to 100 parts per billion (ppb) or 0 to 10 parts per million (ppm). This method has been widely used for almost 20 years in preference to the chemiluminescense (CL) reference method [33] .
Nitrogen oxides (NO, NO 2 and NO x ): The NO, NO 2 and NO x CL analyzers are used in the current EPA standards methods. The gas phase CL is defined as the production of visible or infrared radiation produced by the reaction of two gaseous species to form an excited species product that decays to its ground state by the photo emissive act [33] . The method used in the analyzer TELEDYNE T200 is based on the rapid CL reaction of nitric oxide (NO) with excess ozone (O 3 ). This reaction takes place in a light-free chamber. A portion of NO 2 is produced and subsequently decays to the ground level state, emitting light in a broad frequency band with a peak at about 1200 nm. The intensity of light emitted is linearly proportional to the NO concentration and is measured by a photomultiplier tube. In this manner, the NO is determined directly in a sample stream as described previously.
Atmospheric NO 2 is measured in a stream indirectly after conversion to nitric oxide, and its concentration is calculated by the subtraction from the measured total oxides of nitrogen. The detection and determination of total nitrogen oxides is the sum of NO + NO from NO 2 described above.
Sulphur dioxide (SO 2 ): The SO 2 is measured in the TELEDYNE T100 equipment by UV fluorescence spectrophotometry, which measures the "fluorescence" of light emitted by certain molecules such as SO 2 when excited by a radiation source of appropriate energy or wavelength. The loss of energy in transition causes the fluorescence or secondary light of lower energy, and consequently longer wavelength emission than the primary light. The ultraviolet (between 190 -230 nm) and lower visible wavelengths are more useful as a source of excitation; the decay radiation is passed through a bandwidth filter and into a photomultiplier tube (PMT) that converts the signal into a voltage that can be directly measured [33] [34] .
Carbon Monoxide (CO): The TELEDYNE T300 measures low ranges of CO by comparing infrared (IR) energy absorbed by a sample to that absorbed by a reference gas according to the Beer-Lambert law. Using a gas filter correlation wheel, a high energy IR light source is alternately passed through a CO-filled chamber and a chamber with no CO present. The light path then travels through the sample cell, which has a folded path of 14 meters. The energy loss through the sample cell is compared with the span reference signal provided by the filter wheel to produce a signal proportional to concentration, with little effect from interfering gases within the sample [33] .
PM 10 and PM 2.5 : Met One BAM analyzers are used for measuring PM 10 and PM 2.5 through beta attenuation measurement (BAM), this method is used in continuous PM measuring and was adapted 40 years ago for use in ambient particle monitoring [35] . The equipment uses particulate dynamic motion, where the biggest size particles are retained in a system and do not reach the filter. The PM is introduced by an air pump system in the BAM, and is deposited on a glass filter tape. Measurements are usually taken from one to 24 hours or until filter saturation is reached. After that, low-level beta radiation is passed through the filtering tape and the particles deposited on the tape. The intensity of the radiation is reduced according the layer of PM on the filter tape, which is sensed by an ionization chamber that transmits a voltage signal proportional to the real mass measurement. The concentration is calculated according the difference in the temporal increase in the particle mass on the glass filter tape [36] [37].
Air Quality Data Analysis
The data obtained from air monitoring equipment are important for the quality of the resulting analysis and the AQ indicators calculated (AQI) [38] . The data organization and validation process are important at this stage for the AQI in Mexico and the analysis of trends related to the Urban Air Pollution (UAP) in the MZs in the Veracruz state. This process can be realized manually, automatically or semi automatically. The data organization and scrubbing was carried out using a semi automatic process and the flags system related with incidents occurring in the measurement process (see Table 3 ). Power failures, automatic calibration, zero test and span were identified in the operation and system binnacles. In the process the original flags were respected, the raw data were not erased and the data validation and conversion were carried out in new columns [38] .
The validation process was necessary to set maximum and minimum values, maximum differences and Once data were validated, descriptive statistical tools were used as indicators: the observations number, average, median, mode, percentiles, range, variance, standard deviation, variation coefficients, interquartile range and correlation; with the purpose of identify patterns and trends; daily, monthly and annual graphics were made to represent observations of the monitoring stations in Xalapa and Minatitlan in Veracruz. The HA or hourly concentration is the mean value of minute concentrations or between some time lapses in the hour analysed. This average is calculated over the time period before the hour computed. The 8HA is calculated using the HA concentrations between the reference hour and the seven hours previously registered.
The AQ indicator ascribed to the pollutant is calculated from HA or 8HA and represents the daily maximum (DM), daily average (DA) or 24-hour sampling (24H). The DM (O 3 , NO 2 and CO) value is the highest concentration of 24H or 8HA registered on the reference day, the DA (PM 10 , PM 2.5 and SO 2 ) is the 24H averages values registered on the day, the 24H (PM 10 , PM 2.5 and PST) is the data observation obtained from discontinuous sampling, usually every six days. For the quality assurance of observations a minimum quantity of observations is necessary; compliance of data for every pollutant (see Table 4 ). Once the HA, 8-HA, DA, DM, and 24H data have been obtained, the next step was to calculate the indicators used in AQ for health impact, behavior or time. According to international and Mexican regulations (see Table 5 ), the report of indicators is recommended be 
Air Quality Standards and Monitoring Stations Classification
AQ regulations in the USA, EU, Asia, Latin America and many other countries are made for the compliance of WHO guidelines related to AQ and Health. These values are the commitment of many countries to improve their AQ and decrease the damage on nature, morbidity and mortality rates attributed to air pollution worldwide [1] [44] . In this work we compared and analyzed the air quality guidelines of WHO [45] , the CE Directive 2008/ 50/CE [44] , the NAAQ-USA [46] and the Mexican regulations (termed NOMs) (see Table 6 ).
Since 1987 in Mexico, the General Law of ecological equilibrium and environmental protection [47] has defined the rules for control and prevention of atmospheric pollution (Spanish acronym: RPCCA) and the emissions and pollutants transference record (Spanish acronym: RETC).
For legal issues, the SEMARNAT is the federal agency that has the responsibility for the establishment of standards at the federal administrative level. These standards are called Official Mexican Standards (Spanish acronym: NOMs); Mexican air quality standards (AQS) will be explained in later paragraphs. In some states in Mexico there are environmental agencies called SEDEMA which use federal and state laws and regulations, and when necessary NOMs are used; The Mexican standards used in this paper were the NOM-020-SSA1-2014, NOM-022-SSA1-2010, NOM-023-SSA1-1993, NOM-025-SSA1-2014 and NOM-156-SEMARNAT-2012 [48] .
The monitoring stations can be classified according EPA criteria [49] city US-TS and in Minatitlan city US-FS-TS. Figures 5-7 shows the patterns of the monitoring station in Xalapa, and Figures 8-10 observations of the Minatitlan monitoring station. From the perspective of analysis concerning the annual limit values, and although the series available do not meet the minimum number of observations, we proceeded to compile the respective time averages. This is why in some of the series at annual periods it is observed that these limit values have been exceeded. Figure 6 and Figure 7 show that from 06:00 and 10:00 and from 17:00 to 20:00 maximum values were reached; analyzing the weekly pattern, Monday began an increasing trend in NO 2 concentrations, peaking on Tuesdays and Thursdays, and decreasing at the weekend. In the monthly analysis, we observed the maximum occurring in the months of January, June, August, October and November; record low values occurred in the months of February and April.
as Traffic Stations (TS), Area Stations (AS) or Urban Stations (US), Rural Stations (RS), also called Background Stations, Biogenic Stations (BS) and Fixed Stations (FS). According to this, the classification of the stations in the Veracruz state is hence in Xalapa
Results and Discussion
Xalapa Air Quality Station
Comparing the hourly observations with international and Mexican standard, The hourly and weekly trends correspond to urban traffic and reflect the dynamics of the city. The monthly trend shows April and May having the maximum values, with the minimum value in September. These trends correspond to behavior, jointly caused by the traffic, the dynamics of the capital and the temperature observed in the periods from January to May, whose tendency is to show a rise in the average O 3 concentration, and decreases in the months from June to December, as shown in Figure 2 and Table 1 . Regarding the observations of SO 2 Figure 5(c) shows the values of HA, 8HA, DA and annual concentrations, and Table 7 shows the summary statistics of the pollutant. The HA values were 10, 11 and 37 μg/m 3 with a standard deviation of 4, 6 and 16 μg/m 3 . The 8H and daily mean values were and Thursdays, with a tendency to minimum values at the weekend. Finally, to analyze the monthly pattern, it is seen that the maximum values occur in the months of January, February and March, tending to gradually decrease until November and December, This trend can be attributed to the fact that in the months mentioned in the MZ, as shown in Table 1 . In Figure 6 and Figure 7 , an analysis of the hourly pattern of PM 10 and PM 2.5 shows that maximums of 60 μg/m 3 are reached between 06:00 to 10:00, reducing around noon, and tending to rise to an average value 40 μg/m 3 from 13:00 to 23:00 and the average minimum is observed between 04:00 to 05:00. In the weekly pattern, the media thresholds are observed on Wednesday, Saturday and Sunday; growth trends occur in two periods, from Monday to Tuesday and from Thursday to Friday. When reviewing the monthly increase, performance trends occur between the months of December to April, showing an intermediate maximum peak between the months of July and August.
The behavior of particulates is partly determined by the hourly and weekly trend in urban traffic patterns in the city, but not only by the passenger traffic of the city itself: the location experiences a high volume of transport cargo crossing the city that uses diesel fuel. Other sources may be areas close to the MZ under erosion by growing urban area and also surrounded by waste burning that takes place in the nearby farming areas, a process used by farmers in the area. Other sources may be seasonal, for example, winter months favoring the increase of secondary particles such as ammonium nitrate. Comparing PM 10 
Minatitlan Air Quality Station
Figure 8(a) presents the observations of the urban traffic-fixed station by its proximity to industrial sources; the Hourly, NO 2 pattern shown in Figure 9 and Figure 10 indicates that from 17:00 to 07:00 an incremental trend reaches an average of 20 μg/m 3 and decreases between 08:00 to 17:00 to 9 μg/m 3 . When reviewing the weekly trend, Wednesday, Thursday, Saturday and Sunday have the minimum average values and Monday and Thursday the highest values. Regarding observed monthly trends, minimum average values are experienced from January to May, increasing from June to December, with a peak in August with an average of 20 μg/m 3 . The hourly trends are in accordance with the traffic behavior near the station, because of the high concentration of vehicles for industrial activities, urban and private transport. The weekly pattern shows the trend of cargo traffic flow on Mondays, Tuesdays and Fridays. The monthly pattern shows that in the corresponding months of summer and autumn the increase in the concentration of the contaminant is favored. This may be because of temperature and solar radiation in the area, see Figure 3 and Table 2 , while in the winter and spring the values decrease by temperature and winds from the north and northeast blow, thus favoring the NO 2 dispersion.
Comparing the concentration levels with NOM-023-SSA1-1993, the EU directive and WHO guidance for health in Figure 8 caused by the weather in the area, as we see in Figure 3 , when it coincides with maximum temperature events and high levels of solar radiation. Weather conditions in the area, the existence of an oil refinery, the petrochemical industry and transportation sources close to the location of the station indicate that there are several drivers of ozone in the area. In Figure 8 10 and PM 2.5 is observed, similar patterns are seen: an increase in the months of January to April, decreasing from May to June, increasing again from July to August and decreasing again in September and October, to restart the increasing trend until December. This behavior may be related to the activity of urban and cargo traffic, industrial activities of the MZ and meteorological aspects related to rainfall and temperature in the area.
Comparing observations with the Mexican standard PM 10 and PM 2.5 NOM-025-SSA1-2014, the WHO guidelines, the standards of the USA-NAAQ and the EU directive, Figure 8(d) shows that the DLV and ALV of 40 and 20 μg/m 3 respectively were exceeded several times. The DLV and ALV limits for PM 2.5 , 45 and 12 μg/m 3 , shown in Figure 8 (e), also were exceeded; unfortunately several observations in 2015 were missed and a complete analysis couldn't be done.
Discussions and Comparisons
The Xalapa station, located in the capital city of the state, is classified as an urban station with traffic influence. 3 , gave an AQ that could be considered as good to moderate; according to Mexican legislation the LV were exceeded several times; similarly, the WHO guidelines were exceeded too. The Minatitlan's station shows an annual mean of 19 μg/m 3 which, compared with the CAI-2011 values, gave an AQ of good to moderate; both Mexican legislation and the WHO standards were exceeded several times. Finally, it was found that the ratio of PM 2.5 /PM 10 was 0.5 at Xalapa and Minatitlan AQ stations.
Conclusions
The data analyzed in this paper show that in MZ with 500,000 inhabitants or more, as Xalapa or Minatitlan, the daily traffic, industrial and cargo transport activities affect the AQ by vehicle emissions of pollutants such as particulate matter (PM 10 and PM 2.5 ) and gases such as SO 2 , NO 2 and O 3 . The diurnal patterns in both MZ strongly reflected morning and evening traffic. In addition, lower weekend concentrations were observed.
The activities related to the petroleum refining, petrochemical and agrochemical development increase the thresholds of pollutants such as SO 2 , NO 2 and O 3 . The urbanization activities of land-use change, burning of areas for agriculture or forest fires might contribute to increase particulate matter in the study areas.
The results in both areas show higher concentration of pollutants such as O 3 , SO 2 and NO 2 in the metropolitan area of Minatitlan. This effect is a sum of emissions from road traffic plus the oil refining industry emissions. In both areas, the particulate material (PM 10 and PM 2.5 ) has high thresholds that tend to surpass Mexican regulations, WHO guidelines and international AQ standards.
The results of NO 2 and SO 2 from MZs in Xalapa and Minatitlan in Veracruz state in Mexico, when compared to concentration indicators in [9] Latin America report or values of the EMEP stations Spain [54] show that background HA values are normal in both stations. The HA and 8HA O 3 observations at the Minatitlan station according to Mexican standards sometimes exceeded the LV. The values of PM 10 and PM 2.5 at both stations were unsatisfactory, as the Mexican standard was exceeded on several occasions. This analysis should be considered in the case of the Minatitlan station because there were equipment failures, leading to lower reliability in this analysis of the data observed in 2015.
In the metropolitan area of Xalapa in reviewing the monthly trends, high levels of NO 2 , SO 2 and particulates are observed during the months of December to May. From June to September, ozone levels increase. In the metropolitan area of Minatitlan, the trend of higher levels of pollutants occurs between the months of January to September, diminishing from September to December. The rainy season, solar radiation, midsummer, north and south winds contribute to the observed patterns.
MZs in Veracruz state show a tendency to increase their population and therefore the use of transport, services and job creation might affect the AQ. Veracruz state [16] has a great number of MZs and included in this list there are at least three areas with industrial developments such as Orizaba, Coatzacoalcos-Minatitlan and Poza Rica, and two with a high level of urban commercial development, as seen in Xalapa and Veracruz-Boca del Rio; if this trend continues, the urban development might affect values of current AQ, resulting in a negative change in those metropolitan areas.
Finally, SEDEMA should consider these results as good reason to improve the operating conditions of the AQ stations and improve the network that is beginning to settle in the state of Veracruz, and support functional and operational approaches in the AQMP (ProAire Veracruz), which is under development.
